Introduction
As almost 40% of adults in the US have obesity (1), many prevention efforts have focused on children and adolescents. The tracking of BMI levels and obesity among children has been well documented (2) (3) (4) (5) , and in general, children with a high BMI at one examination are likely to have a high BMI upon re-examination in adolescence and adulthood. However, the strength of this association varies substantially by the age of the child at the initial examination and the time interval between examinations (2, 5) .
Although a high BMI before age 5 y is also predictive of a subsequently elevated BMI (6) , the importance of a high BMI in among preschool children has been questioned (7-10).
For example, only about 20% (sensitivity) of children with obesity at age 5 y had a rapid weight gain between birth and 2 y (7) . Wright et al. (8) also reported a low sensitivity for rapid weight gain in infancy, with most 8-year-olds with obesity having been normal-weight infants. Further, von Kries et al. (9, 10) have shown that a large proportion of 6-year-olds with obesity were in the normal-weight category at age 2 y. However, since the prevalence of obesity among very young children is relatively low, several of these estimates have been based on fairly small numbers.
The objectives of the current analyses are to (1) examine the tracking of BMI levels among children and adolescents, and (2) to assess the ability of a high BMI at one examination to predict a subsequently elevated BMI. The sample is based on a large electronic health record (EHR) database of 2.04 million children who were initially examined between ages 2 and 9 y and were re-examined, on average, 4 y (range, 1 to 13 y) later.
Analyses focus on the effects of age at the first examination and the time interval between examinations on the tracking of obesity.
For these secondary analyses of these data, it was required that (1) there was at least one year between the initial and final examinations and (2) that the first examination occurred before age 10 y resulting in 2.2 million children. 454 children (56,000 records) examined more than 100 times during this 12-year period were excluded from the analysis as extensive health care usage may suggest a chronic condition Weight and height were coded in pounds and inches for 90% of these records, and in kg and cm for 6% of the records. Preliminary analyses indicated that of the 667,000 records that had weights and heights in mismatched units (e.g., weight in kg and height in inches), many of the weights coded as kg were actually recorded in pounds. Because of these coding errors, the analyses are limited to the 16.2 million records (2.14 million children) that had consistent units for both weight and height.
Weight and height values that were likely to be errors were identified and excluded using Daymont's algorithm for the longitudinal detection of outliers (12, 13) . This method focuses on the difference between modified z-scores for weight and height (14) at each examination and the expected values based on an exponentially weighted moving average for each child.
This method also identifies other categories of potential errors, such as a height decrease of > 3 cm between examinations, and values that are carried forward from a previous examination.
For children with several weights or heights on the same date, the algorithm also indicates which measurement is most consistent with other values for the child.
Based on this algorithm, 785,000 weights that were identical (carried forward) to that at the previous examination were excluded. Of the 2.6 million heights that were identified as carried forward, 1.5 million were excluded if they either (1) followed a height that was a flagged as a likely error or (2) occurred among younger subjects (boys < 17 y, girls <16 y) and remained the same for more than 3 months. It was thought that carried forward heights among older children could represent attained, adult height. Excluding these potential errors identified by the Daymont algorithm and reapplying the age and follow-up restrictions reduced the number of children from 2.14 million to 2.04 million. The CDC cut points for implausible values (14) were not used in the current study as there were many extremely high weights and BMIs that were consistent across examinations. However, 41 records that had a modified BMIz ≥ 25 or a BMI ≥ 150 were excluded.
There appeared to be some potential unit errors remaining for weight, and Friedman's super smoother (15, 16) was used to examine the distance between each child's weight and it's smoothed value. After inspection of these plots, an additional 126 children who had a residual that was above the 99.95 th percentile of the distribution and a weight more than 10 kg from its smoothed value. This resulted in a dataset of 2,036,015 children (13, 347 ,608 records). Most analyses focused on the only first and last examination for each child.
BMI Metrics
BMI-for-age z-scores (BMIz) and percentiles were calculated from the CDC growth charts (17, 18) using sex-and age-specific values of L (power transformation to achieve normality), M (median), and S (coefficient of variation) (19, 20) :
Because the values of L parameter in the CDC growth charts are much less than -1.0 at most ages (21) and because the estimation of L, M and S were not based on BMIs above the 97 th percentile (22), very high BMIs are compressed into a narrow range of z-scores and do not correspond well with the observed data (23) (24) (25) (26) . However, since the analyses focus on obesity, defined as a BMI ≥ 95 th percentile of the CDC growth charts, it was decided not to use other BMI metrics that have been proposed (27) . Severe obesity was defined as a BMI ≥ 120% of the 95 th percentile (28) .
Statistical Methods
The primary focus is on the cross-classification of the obesity status of the 2.04 million children at the first and last examinations, and the relative risks (RR), sensitivities, specificities, and positive predictive values were assessed. Stratified analyses were performed to assess the influence of the initial age of the child and the time interval between the two examinations on this association. Additional analyses examined the consistency of obesity across examinations among children who had measurements at three ages: before 4 y, between 6 and 8 y, and after 10 y. Given the large sample size, only a few confidence intervals are presented because all were very narrow. This article is protected by copyright. All rights reserved.
The prevalence of obesity in this EHR database was also compared with the corresponding estimates in the National Health and Nutrition Examination Survey (NHANES) for each year and age group. For this comparison, one BMI value was randomly selected within each combination of age group and year of study from a child.
Data management and analyses were performed in R (29) . Table 1 shows descriptive characteristics of the children at the first and last examinations. The mean ages were 5.0 ± 2.5 y (first examination) and 9.0 ± 3.8 y (last examination), and the time interval between the examinations varied from 1 to 13 y (mean 4 y). Mean BMI increased by 2 kg/m 2 between examinations, the prevalence of obesity increased from 13.4% to 17.6%, and the mean BMIz increased from 0.33 to 0.49 as the children aged. Most of the children were white, but the race/ethnicity of about 25% was unknown and only 2.4% were Hispanic. Table 2 shows a cross-classification of obesity (BMI ≥ 95 th percentile) at the first and last examinations. As expected, there was a strong association between obesity (RR = 7.7, 95% CI: 7.72 to 7.73) at the two examinations. Of the children with obesity at the first examination, 71% also had obesity at the final examination (positive predictive value), and about 95% of the children who did not have obesity at the final examination did not have obesity at the first examination (specificity). However, only about 55% (194,953 / 357,824) of the children with obesity at the final examination had obesity at their first examination (sensitivity). Figure 1 , the magnitudes of these statistics varied substantially by both age at the initial examination (x-axis) and length of follow-up (4 vertical panels panels). For example, among children who were re-examined from 2 to 4.9 years after the initial examination (2 nd panel), the sensitivity increased with age at the initial examination, from 34% (age 2 y) to 75% (age 9 y). Although the RR also increased from 6 to 11 with initial age in this group, the specificity varied only slightly by age, and the positive predictive value reached a maximum (84%) at about age 6 y. As the time interval between examinations increased (4 panels), values of the RR, positive predictive value, and sensitivity decreased.
Results

As shown in
Overall, the percentage of children with obesity at the last examination who had a BMI ≥ 95 th percentile at the initial examination (sensitivity) ranged from 22% (initial age 2 y and a follow-up of ≥ 8 y) to 81% (initial age 9 y with a follow-up of < 2 y). Table 3 shows the consistency of obesity among 87,653 children who were examined at 3 ages, 2 to 3 y, 6 to 7 y, and ≥ 10 y. Most (74%) of these children did not have obesity at any examination (top row). Of the 8522 children with obesity at ages 2 to 3 y, 47% had obesity at both subsequent examinations. Among the 17,170 children with obesity after age 10 y (bottom rows), 6374 (37%) children did not have obesity at either of the two previous examinations. The mean BMIz (0.3) at age 2 to 3 y among these 6374 children was close to the mean value (-0.1) among children who did not have obesity at any of the 3 ages (top row). Further, about one third of these 6374 children had a BMI at ages 2 to 3 y that was below the CDC sex/age median.
Discussion
Numerous studies have documented the tracking of BMI and the persistence of obesity throughout childhood (2) (3) (4) (5) . The current analyses of 2.04 million children showed that as compared with children who had a BMI < 95 th percentile, those with obesity at one examination were 7.7 times as likely to have obesity at a subsequent examination. Although 71% of children who had obesity at one examination continued to have obesity at a subsequent examination, the sensitivity was lower, particularly at younger ages. In general, the magnitudes of these statistics increased with the age at the initial measurement and decreased with the time interval between examinations. Among the 10-to 15-years with obesity, only 22% had a BMI ≥ 95 th percentile at age 2 y.
The importance of obesity among very young children has been emphasized (30, 31) , and the current results indicate that 2-year-olds who have obesity are 5.5 times as likely to have obesity at a subsequent examination than are 2-year-olds with lower BMI levels.
However, in agreement with other reports, the current results indicate that an elevated BMI at a young age will identify only a small proportion of older children with obesity. For example, it has been reported that 80% of 8-year-olds with obesity had not been unusually heavy at 3 months or at 1 y (8) and that a large proportion of children with obesity at age 6 y had been in the normal-weight category at age 2 y (9, 10). The low sensitivity among very young children is consistent across studies despite differences in the ages of the children, the interval between examinations, reference populations, and classification of obesity. For example, the magnitudes of the RRs increase at higher BMIs, and the RR for severe obesity (BMI ≥ 120% of the 95 th percentile) in the current study was 23 (data not shown).
Estimates of sensitivity can be strongly influenced by differences in prevalence by age, and if the prevalence of obesity increases with age, the maximum sensitivity would be fairly low. In the current study, the prevalence of obesity increased from 8.3% among 2-year-olds to 20.5% among children ≥ 9 y. If these 2-year-olds had been re-examined after age 9 y, the sensitivity could be no higher than 40% (8.3 ÷ 20.5). One possible way to avoid this limitation would be to classify obesity so that its prevalence is constant across ages.
Additional analyses, however, based on a BMI ≥ 90 th percentile for each sex/age increased the sensitivity of a high BMI at age 2 y for obesity after age 9 y from 23% to only 32%. Furthermore, the mean BMIz (0.3) among the 6374 children who had obesity after age 10 y (Table 3) , but not before, were fairly similar to that among children who did not have obesity at any examination in childhood. This indicates that using a lower BMI cut point at ages 2 to a With the exception of the first row (N=64,807), the denominators for the percentages were either children who had obesity before age 4 y (n=8 522) or children who had obesity after age 10 y (17, 170) . 
